This paper develops an optimization model that determines the optimal location for Bluetooth nodes used in the determination of the origin-destination matrix within an urban network. To analyze the effectiveness of the model, the city of Akron, OH was utilized as a testing location. The Average Daily Traffic (ADT) was used to determine intersections that have the greatest number of Bluetooth responses. Along with maximizing the number of Bluetooth responses, the model applies financial constraints when determining the number of nodes in the urban network. The developed model selected seven locations to deploy nodes in order to stay within the financial constraints and to maximize the possible number of responses from vehicles within the Akron urban network.
Introduction
Bluetooth technologies have been widely used in traffic data collection due to its cost effectiveness for travel time estimation. Using this technology, data can be address and the time of detection are recorded by the sensor. Each MAC device has a unique address which makes it possible to track a vehicle with enabled Bluetooth device via its identification at upstream and downstream points and the time elapsed between these two points can be used to estimate the travel time [1] .
The majority of the studies using Bluetooth for traffic data collection focus on vehicle speed and travel time, however, using this technology for origin-destination studies is a relatively new concept. The proposed study aims to develop a methodology for determining the optimal numbers and locations for Bluetooth stations on urban road network using the ArcGIS software. The Geographical Information System (GIS) is used for collecting, analyzing and handling geographically referenced data. A literature review of general O-D matrix methods and Bluetooth O-D methods was conducted to provide the context for a Bluetooth field deployment and implementation. The study presents the deployment plan and data analysis for a hypothetical case study that will be conducted for different urban road network sizes (number of links and junctions).
Objectives
The main objective of this research project is to develop a system-wide deployment strategy for a Bluetooth implementation in urban road network for O-D estimation. This will be expanded in this research by adding several main arterials and crossroads to the study zone. Another objective is to determine the optimal number of Bluetooth nodes required for the study area.
Background
Bluetooth technology is typically utilized in research to measure travel times and vehicle speeds. However, we applied this technology to determine the route choice and the origin-destination trips. Bluetooth technology is defined herein as a telecommunications that can be used as a monitoring vehicular and pedestrian traffic in cities. This technology is usually embedded in vehicles, Global Positioning Systems (GPS) and mobile phones. 
Concept of Bluetooth Technology
The application of Bluetooth technology is limited for short-range wireless communications and is used to determine vehicle travel time and speed between the passed points on a roadway network. The system architecture components which are required to estimate vehicle travel time via using Bluetooth devices are:
• "Bluetooth system on a roadside to detect and process MAC address as the vehicles travel along the monitored corridor; • A radio that can read the MAC address within the communication range for detection; and • A Central Processing Unit (CPU) which is placed in the site that has a special software for detecting, processing, and forwarding the information to a central location". 
Optimization Model
This study utilized Sherali [11] model to determine the optimal number of loca- 1, if a bluetooth located at node :
The objective function can be formed as shown in Equation (3):
S.t. (4) and (5) respectively.
A flow chart showing the flow of the optimization model and ArcGIS interface is shown in Figure 2 .
The model may need to be executed through several iterations to get the optimal results. The flow chart presents a process that may be followed to determine the optimal node locations within an urban network.
Study Area
This research focuses on an urban area for the Bluetooth technology deploy- 
Implementation
An optimization model has been developed to determine the optimal number of Bluetooth nodes required in a given network. The model considers the geographical size of the network and cost constraints associated with implementing this technology. However, the developed optimization model has some constraints such as the scan radius of Bluetooth nodes and the ADT at intersections.
The optimization model is discussed in more detail in the following section of the paper. The urban road network for Akron has been coded using Python within the ArcGIS platform. Using GIS tools, the traffic volume for road segments were inserted in the Akron map layer. The total ADT's at intersections have been calculated from the incoming links between the nodes. Figure 4 shows the process of the GIS modeling.
Scripting in Python was done to create and automate GIS workflows quickly and easily. An interface between GIS platform and Python program language has been created to implement the optimization model. The screenshot, which is shown in Figure 5 , illustrates how to get the node selected in the layer according the optimization model which has been coded in Python.
Conclusion
An optimization model has been developed in order to determine the optimal locations for Bluetooth nodes to determine the O-D matrix within an urban 
